Attaining sustainability will require concerted interactive efforts among disciplines, many of which have not yet recognized, and internalized, the relevance of environmental issues to their main intellectual discourse. The inability of key scientific disciplines to engage interactively is an obstacle to the actual attainment of sustainability. For example, in the list of Millennium Development Goals from the United Nations World Summit on Sustainable Development, Johannesburg, 2002, the seventh of the eight goals, to "ensure environmental sustainability," is presented separately from the parallel goals of reducing fertility and poverty, improving gains in equity, improving material conditions, and enhancing population health. A more integrated and consilient approach to sustainability is urgently needed.
For human populations, sustainability means transforming our ways of living to maximize the chances that environmental and social conditions will indefinitely support human security, wellbeing, and health. In particular, the flow of nonsubstitutable goods and services from ecosystems must be sustained. The contemporary stimulus for exploring sustainability is the accruing evidence that humankind is jeopardizing its own longer term interests by living beyond Earth's means, thereby changing atmospheric composition and depleting biodiversity, soil fertility, ocean fisheries, and freshwater supplies (1) .
Much early discussion about sustainability has focused on readily measurable intermediate outcomes such as increased economic perfor-mance, greater energy efficiency, better urban design, improved transport systems, better conservation of recreational amenities, and so on. However, such changes in technologies, behaviors, amenities, and equity are only the means to attaining desired human experiential outcomes, including autonomy, opportunity, security, and health. These are the true ends of sustainability-and there has been some recognition that their attainment, and their sharing, will be optimized by reducing the rich-poor divide (2) .
Some reasons for the failure to achieve a collective vision of how to attain sustainability lie in the limitations of, and disjunction between, disciplines we think should be central to our understanding of sustainability: demography, economics, ecology, and epidemiology. These disciplines bear on the size and economic activities of the human population, how the population relates to the natural world, and the health consequences of ecologically injudicious behavior. Sustainability issues are of course not limited to these four disciplines, but require the engagement and inter-disciplinary collaboration of other social and natural sciences, engineering, and the humanities (3).
Neither mainstream demography nor economics, for the most part, incorporates sufficient appreciation of environmental criticalities into their thinking. They implictly assume that the world is an open, steady-state system within which discipline-specific processes can be studied. Although contemporary ecology has broadened its perspectives significantly, there is a tendency to exclude consideration of both human influence and dependence on ecosystem composition, development, and dynamics. Epidemiologists focus mainly on individual-level behaviors and circumstances as causes of disease. This discounts the underlying social, cultural, and political determinants of the distribution of disease risk within and between populations, and has barely recognized the health risks posed by today's global environmental changes.
These four disciplines share a limited ability to appreciate that the fate of human populations depends on the biosphere's capacity to provide a continued flow of goods and services. The assumption of human separateness from the natural world perpetuates a long-standing, biblically based premise of Western scientific thought of Man as master, with dominion over Nature (4) . Many disciplines still apply world views that predate current understanding of complex system dynamics and of how human evolutionary history has developed with, and helped shape, natural phenomena (5, 6) . Their intellectual legacies need to be updated and integrated within an organized scientific effort spanning a range of disciplines that are currently not in effective communication. This would provide essential input to the sustainability discourse.
Resource Imbalances
Little demographic literature addresses the role of resource imbalances as a putative root cause for some of the changes observed in fertility and regional life expectancies (7, 8) . The notion of human carrying capacity (9) is generally dismissed as irrelevant (10) (11) (12) , as if humans, uniquely among species, have transcended environmental dependency. It is true that humans, through cultural developments such as agriculture, trade, and fossil-fuel combustion, have increased the carrying capacity of local environments, at least in the short to medium term. We may yet raise those limits further, or we may now be seeing early evidence of having recently exceeded the global carrying capacity, new technologies notwithstanding. We do not yet know which. Meanwhile, demographers display little awareness of the likely impacts of global environmental changes on future changes in human population size (13) . The recent decline in global population growth rate has been generally welcomed by demographers (though noting the attendant problems of population aging and increased dependency ratios), suggesting that, for some, the issue of sustainability is recognized. The world view of many demographers still inclines toward that of many economists in assuming a setting free of the constraints of the carrying capacity of the biosphere.
Market Choices
The role of market forces is central to modern economics, and the turnover of goods and services is considered an indicator of progress. Instead of recognizing that the human economy is a dependent subset of the biosphere, many economists still assume that economic growth and liberalization, with wealth creation, is the key to affording adequate environmental management. Environmental quality is believed to be most effectively achieved through market forces, even as social and environmental costs are "externalized." This view also assumes that environmental change is generally incremental, thereby overlooking the time-lagged, threshold, and irreversible effects that characterize many human and ecological systems.
The growing interdisciplinary domain of environmental and ecological economics appreciates the significance of the Earth system's functioning for human well-being, and, therefore, the need to sustain its capacity to support economic development (14, 15) . The economics of complex system dynamics and its implications for sustainability have also been addressed (16) . Indeed, ecological economics treats environmental sustainability and human carrying capacity as central premises for economic development (17) .
Ecosystems and Human Society
Ecologists understand the structure, functioning, and interdependencies of populations and ecosystems and, increasingly, appreciate the interplay of the natural world with human systems. However, various conceptual and theoretical frameworks in ecology still disregard the connection to the human species. More integrated views from landscape ecology and systems approaches, and the greater appreciation of complex systems, critical thresholds, and the possibilities of state changes, are attracting attention (18, 19) .
Over the past decade, the fledgling field of "ecosystem health" has been fostered in interdisciplinary fashion (20, 21) . There is increasing recognition that humans are themselves a major force in ecosystem development and evolution. Integrative approaches to coevolving socialecological systems have emerged (22, 23) . The ongoing Millennium Ecosystem Assessment Project, funded by several international environmental-biological conventions and other international agencies, has brought together many scientists to address interdisciplinary questions relating to the current and future conditions of the world's ecosystems and the consequences for human societies (24) .
Risk of Disease
During the recent development of epidemiology as a modern discipline, populations have been increasingly viewed as aggregations of individuals exercising free choices. Accordingly, contemporary epidemiology has focused on quantifyingthecontributionofspecificindividuallevel factors to disease risk. However, the resurgence of infectious disease, including particularly HIV/AIDS and various other newly identified infections, has underscored the importance of population-level phenomena, including social conditions, cultural practices, and technological choices. Similarly, dramatic changes in health and life expectancy in the countries of central and eastern Europe and the former Soviet bloc, following the collapse of communism, highlight the fundamental importance of social, economic, and political conditions to population health (25, 26) . Meanwhile, there is nascent recognition that climate change and other global environmental changes pose risks to human health, both now and, more so, in the future (27) .
Responding to the Crisis
Addressing sustainability is more than an academic exercise. It is a vital response to a rapidly evolving crisis and should be at the top of our research agendas. The forces that oppose social change for sustainability, whether from indifference, incomprehension, or self-interest, are powerful, and neither individual scientists nor isolated scientific disciplines will suffice to change understanding and policy. Science itself needs to be fully engaged in this challenge (28) . The "science of human-environment interactions" (29) and "sustainability science" have emerged over the past decade (30) . A combination of inter-and transdisciplinary approaches to sustainability, unconstrained by traditional disciplinary domains and concepts, must be encouraged.
Such approaches may prove difficult to achieve within conventional university departments, and purpose-built interdisciplinary centers will therefore be needed. Other support will come from interdisciplinary societies (e.g., International Association for the Study of Common Property), research institutes (e.g., Santa Fe Institute; Beijer Institute, Stockholm; National Center for Ecological Analysis and Synthesis, Santa Barbara; International Institute for Applied Systems Analysis, Vienna), and research networks [e.g., Sustainability Science network on vulnerability, Resilience Alliance, International Council for Science (ICSU) initiative on sustainability, International Geosphere Biosphere Program, and International Human Dimensions Program on Global Environmental Change]. Achieving a sufficiently intensive interdisciplinary collaboration, on a large enough canvas to meet the needs of sustainability, remains the central challenge.
